P ULICARIA UNDULATA is one of the aromatic annual herbs used in folk medicine in Egypt. The aerial parts of P. undulata plants were collected from the Red sea coastal desert during the flowering stage and used for phytochemical analysis. It was revealed that P. undulata aerial portions contain phenols, flavonoids terpenoids, saponins, alkaloids, glucosinolates and cardiac glycosides highlighting its participation in drug development and using as an alternative strategy to the harmful synthetic fungicides. The greater accumulation of the bioactive compounds in the methanolic extract was comparable with its higher antioxidant capacity and IC50 value as compared with those of the petroleum ether extract. The GC-MS analysis revealed the occurrence of ten bioactive phytocomponents including cyclotrisiloxane, hexamethyl-, cyclotetrasiloxane, octamethyl-, cyclopentasiloxane, decamethyl, dodecanoic acid, methyl ester, tetrafluorophthalonitrile, nonacosane, 4,4,6a,6b,8a,11,11,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,14,14a,14b-octadecahydro-2H-picen-3-one, thiazolo[4,5-f]quinoline and 7-methyl-. In addition, the methanolic extract exhibited antifungal activity against the investigated six pathogenic fungal strains: Aspergillus flavus, Aspergillus fumigatus, Candida albicans, Microsporum canis, Microsporum boulardii and Trichophyton mentagrophytes. Based on the values of the minimum inhibitory concentration (MIC) and the minimum fungicidal concentration (MFC), the methanolic extract has demonstrated a fungicidal effect on M. boulardii IFM 56403, T. mentagrophytes AUMC 11661, M. canis AUMC 11663, and C. albicans AUMC 9142. The cytotoxicity evaluation of the methanolic extract showed safe levels in case of these four fungal strains. The petroleum ether extract, inhibited the tested fungi but with lower efficiency. Our results suggest the promising antifungal activity of P. undulata on medically important fungi.
Introduction
Nowdays, there has been an increasing demand for medicinal plants in the folk medicine and pharmaceutical industry all over the world. For instance, it is reported that various plants are effective against several pathogenic microorganisms (Adeniyi et al., 2009; Dejussi et al., 2013) . Aromatic medicinal plants possess large varieties of chemical substances, which explain their biological activities in the treatment of various human diseases. These chemical substances include (Elegami et al., 1994; Hammiche & Maiza, 2006; Hegazy et al., 2012) . Several investigations have reported the chemical composition, antibacterial and antioxidant activities of the essential oil of P. undulata (El-Kamali et al., 2009; Mehdi et al., 2011; Ali et al., 2012; Ajaib et al., 2015; Boumaraf et al., 2016) .
The prevalence of microbial diseases has currently expanded, particularly mycoses which cause high death rate in immune-compromised patients. Among these diseases, the offensive fungal infections produced by Candida and Aspergillus represent the substantial proportion (Brown et al., 2012) . Candida spp. as a pathogen can cause both superficial and serious systemic disease (Nerurkar et al., 2012) . Also, Candida spp. are the fourth most frequent microbial pathogens causing bloodstream infections, after common bacterial pathogens (Wisplinghoff et al., 2004) . The predominant microbial infections in hematopoietic stem cell transplant recipients were caused by Aspergillus spp. (Kontoyiannis et al., 2010) . Recent reports also recorded an elevation in the mortality rate from invasive aspergillosis and candidemia to be about 30-50% (Denning & Bromley, 2015) . The incidence of superficial mycosis has been assessed to be more than 25% among the worldwide population. Dermatophytes, which belong to one of three genera, Trichophyton, Microsporum and Epidermophyton, are recognized to be the most frequently occurred agents of superficial mycoses (Havlickova et al., 2008) . Dermatophytosis, is referred to as tinea infection, constitute a major public health problem in developing countries including Egypt (Zaki et al., 2009) . Unfortunately, several investigations have pointed to the resistance of fungal pathogens to the available antimycotic agents (Andriole, 1994; Martinez-Rossi et al., 2008; Sanglard, 2016) . This situation urges the need for novel safe antifungals with fungicidal effect as well as wide spectrum activities. In fact, there is limited data on the antimicrobial activities and antifungal properties of Pulicaria undulata (El-Kamali et al., 2009; Ali et al., 2012; Ajaib et al., 2015) . The present study was therefore undertaken to investigate the antifungal activities of the crude extract and essential oil of P. undulata growing wild in Egypt, against six of the most common invasive and superficial fungal pathogens (Aspergillus flavus, Aspergillus fumigatus, Candida albicans, Microsporum canis, Microsporum boulardii and Trichophyton mentagrophytes). The minimum inhibitory concentrations (MICs) and minimum fungicidal concentrations (MFCs) were also assayed to explore their effectiveness in treatments of mycotic infections. In addition, the chemical composition and antioxidant activity of P. undulata extract were determined.
Materials and Methods

Collection and identification of plant materials
The samples of Pulicaria undulate were collected from Wadi Hagol arid habitat, Egypt, during the flowering season. The identification of the plant was confirmed by the Department of Botany, Faculty of science, Ain shams university. The aerial parts (leaves/stem) and flower heads were cleaned, dried at room temperature in the shade and then ground to a powder by mechanical mills.
Preparation of crude extracts
The dried powder (100g) was extracted with distilled water or ethyl alcohol, methyl alcohol, petroleum ether, ethyl acetate or hexane at 4ºC. After 72hr, the extracts were filtered, and the filtrates were concentrated on rotary evaporator under reduced pressure at 30°C. Then, the color of the crude concentrated extracts was discharged by using active charcoal, and next completed to final volume with water for phytochemical analysis (Harborne, 1973) . The qualitative phytochemical analysis was carried out to determine the suitable solvent for the maximum quantitative estimation of nutraceuticals secondary metabolites as described below.
Qualitative and quantitative analysis of phytochemicals
Phytochemical screening was carried out to test the presence of tannins, flavonoids, terpenoids, saponins, alkaloids, quinones, cardiac glycosides, glycosinolates and anthroquinones in all plant extracts following the standard protocol of Makkar et al. (1993) .
Carbohydrate determination
Total soluble carbohydrates were determined using anthrone reagent (Fairbairn, 1953) .
Antioxidants
The water-soluble non-enzymatic antioxidants such as glutathione and ascorbic acid were determined according to Griffith (1980) and Kampfenkel et al. (1995) , respectively.
Measurement of total phenolics and tannins
The total phenolics and tannins were measured by using Folin-Ciocalteu method as described by Makkar et al. (1993) .
Measurement of condensed tannins (proanthocyanidins)
The total proanthocyanidins was determined by using vanillin reagent as described by Price et al. (1978) where the absorbance was measured at 500nm using spectrophotometer (Shimadzu UV-265, Japan).
Extraction and estimation of total flavonoids content
The aluminum chloride colorimetric method described by Harborne (1998) was used for determination of total flavonoids in the extracts. The total flavonoid contents were calculated as µg/g dry weight from a standard curve of quercetin.
Determination of alkaloid
The total alkaloids were quantified according to the method described by Harborne (1973) .
Determination of saponins
The total saponins was calculated from the diosgenin standard solution by using vanillin reagent according to the method of Francis et al. (2002) .
Determination of glucosinolate
Glucosinolate was determined by spectrophotometrically based on Makkar et al. (1993) .
Determination of cardiac gylcosides
Cardiac glycoside content in the extracts was evaluated using Buljet's reagent as described by El-Olemy et al. (1994) .
Total antioxidant capacity
The total antioxidant capacity of the extracts was evaluated by the phosphomolybdenum method according to the procedure described by Prieto et al. (1999) .
DPPH radical scavenging activity
The antioxidant activity of the extracts was estimated using 1, 1-diphenyl-2-picrylhydrazyl (DPPH) method (Yamaguchi et al., 1998) . IC50, the half maximal effective concentration value was measured from % Inhibition vs. different concentrations of standard ascorbic acid or a plant extract (1-500μg/ml) and calculated according to the following equation:
where A 0 is the absorbance of the DPPH solution (blank), and A 1 is the absorbance of the sample.
Essential oil extraction
The powder sample was extracted with petroleum ether (PE 40-60ºC) for 48hr at room temperature. The extract was evaporated to least volume using a rotary evaporation at reduced pressure. The essential oil was passed over dark anhydrous sodium sulfate to remove moisture. The fraction obtained was stored in a refrigerator at 4 ºC in dark to identify the chemical constituents of oil (Adams, 2007) .
GC-MS analysis
The Gas Chromatography-Mass Spectrometry (GC-MS) analysis was conducted by using Agilent 7890B GC system coupled to an Agilent 5977A MSD with a capillary column (0.6m x 100μm x 0μm) (Agilent Technologies, Santa Clara, CA, USA). Helium gas was used as carrier gas at a constant flow rate of 1.5ml/min. The injector temperature was set at 250°C and the ion source temperature was set at 230°C. The initial oven temperature was set at 40°C for 2min, then 10°C/ min to 180°C for 5min and then 10°C/min to 250°C for 10min. The total GC running time was 38 min. The GC-MS was run in Scan/SIM mode and the identification of sample's components was performed using Agilent Mass Hunter software (NIST14 L). Preparation of fungal inocula: The inoculum size of each test strain was standardized according to clinical laboratory standard institute guidelines (CLSI 2008a (CLSI , 2008b . Test strains were grown on potato dextrose agar slants (PDA; Difco, Sparks, MD, USA and SDA; for C. albicans) for 2-7 days or until good sporulation is obtained at 25°C. Inoculum count was adjusted to 1-5 ×10 6 CFU/ml using the method described by Johnson et al. (2015) . This stock solution was then diluted to obtain 0.4-5× 10 4 CFU/ml as a final spore concentration to be used for the experiment testing the minimum inhibitory concentration (MIC).
Evaluation of antifungal activity
Screening of antifungal effect
Samples of the crude extract and essential oil extracted by petroleum ether recovered from P. undulata were separately dissolved in dimethyl sulfoxide (DMSO; 10% v/v) to obtain 200mg/ mL working solutions. The agar-well diffusion assay (Cole, 1994) was performed to evaluate the antifungal activity of the methanolic extract and the essential oils, separately, against each of the selected test fungi. The inoculum size was adjusted to about 1-5× 10 6 CFU/ml and plates were inoculated in the same way as for disk diffusion methodology of CLSI M44-A2 (CLSI, 2009) and CLSI M51-A (CLSI, 2010) for yeast and mold, respectively. Briefly, an inoculum was speared onto a surface of Mueller Hinton agar (MHA; Difco, Sparks, MD, USA) plates using a sterile cotton swab. An Aliquot of 100µL of the methanolic extract or the essential oil was applied to 9mm diameter wells. Negative control (100µL of DMSO 10% v/v) and positive control (100µL of 0.2mg/ml itraconazole; Sporanox, Janssen Pharmaceutica, Beerse, Belgium) were also included for the comparative purpose. The diameters of the growth inhibition zones around each well were measured after incubation at 28 o C for 2-14d (according to the rate of growth of each species). For each extract, three replicate trials were conducted against each fungus and data were presented as mean± SD (standard deviation).
Determination of the minimum inhibitory concentration (MIC)
The minimum inhibitory concentrations (MICs) of the methanolic extract and essential oil were determined using the macrodilution technique in accordance with the guidelines of the M27-A3 of the CLSI for the yeasts (CLSI, 2008a) and the M38-A2 CLSI for the filamentous fungi (CLSI, 2008b) as previously detailed by Johnson et al. (2015) with some modifications. Briefly, 100μL of spore suspension (~1.5× 10 4 CFUml −1 ) was added to 1ml Sabouraud dextrose broth containing serially two-fold diluted (at concentrations from 68 mg/ to 1.06 mg/ml) methanolic extract or essential oil. Tubes were incubated at 28 °C and observed for the presence or absence of visible growth. Controls for strain viability and medium sterility were used. MIC was defined as the lowest concentration that inhibited visible fungal growth after 14d (for dermatophytes).
Determination of the minimum fungicidal concentration (MFC) and MFC/MIC ratio
Based on the MIC assay, 200µL aliquots of the tube corresponding to the MIC and two concentrations above were plated onto Petri dishes containing SDA medium and incubated at 28°C. The reading was performed by visual observation of fungal growth on the solid medium. Each experiment was repeated three times and mean values were calculated for MICs and MFCs. The MFC was regarded as the lowest concentration that did not show any visible growth on solid medium (even after 14 days of incubation). The MFC/ MIC ratio was calculated to determine whether the substance had a fungistatic (when MFC/MIC>4) or fungicidal effect (when MFC/MIC≤ 4) (Rasooli & Abyaneh, 2004) .
Evaluation of cytotoxicity against VERO cell line
According to Mosmann (1983) and Gomha et al. (2015) , the cytotoxicity effect of methanolic crude extracts was evaluated against VERO cells (mammalian cells from African green monkey kidney). VERO cells were obtained from VACSERA Tissue Culture Unit in Egypt. MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) and trypan blue stain were purchased from Sigma (St. Louis, MO, USA). The cells were cultured in Dulbecco's modified Eagle's medium (DMEM; Sigma Louis, MO, USA) with 10% heat-inactivated fetal bovine serum, 1% L-glutamine, HEPES buffer and 50µg/ ml gentamycin (Lonza. Basel, Switzerland). These cells were kept up at 37ºC with 5% CO 2 and were subcultured two times each week. The survival curve of the cell line was plotted between the percentage of surviving cells and drug concentration. The 50% inhibitory concentration (IC50) was determined. IC50 is the concentration of test extract resulted in toxicity of a 50% of intact cells as recorded from the plotted curve using Graphpad Prism software (San Diego, CA, USA).
Statistical analysis
All results were expressed as mean value ± standard error (SE). Statistical significance was tested between control, APAP and ES treatments as well as between APAP and ES+APAP treatments using the one-way analysis of variance (ANOVA) test. Post hoc testing was performed for intergroup comparisons using the Least Significant Difference (LSD) test at P value <0.05.
Results
The bioactive constituents of P. undulate
The extracts of P. undulate aerial parts revealed the presence of nutraceuticals bioactive metabolites: Phenols, flavonoids, tannins, triterpenoids, steroids, alkaloids, coumarins, proanthocyanidines and cardiac glycosides (Table 1) . Alcoholic extracts, particularly methanol, showed the greatest constituents relative to others (Table 1) . The results thus justified quantitative assay of secondary metabolites in the P. undulate methanolic extract. It is revealed that the extract contains 1.46mg soluble sugar, 7.76µmole ascorbic acid (ASA), 27.0mmol reduced glutathione (GSH), 3.93mg total phenols, 1.35µg flavonoids, 0.18µg total tannins, 261.0µg total saponins, 2.08mg proanthocyanidines, 14.72µM cardic glycosides, 83.1µmol glucosinolates and 4.3mg total alkaloids per g dry matter (Table 2 ). However, the petroleum ether extracts containing oil assay exhibited 1.06mg soluble sugar, 6.16µmole ASA, 22.0mmol reduced glutathione (GSH), 3.09mg total phenols, 0.617µg flavonoids, 149.5µg total saponins, 1.67mg proanthocyanidines, 10.7µM cardic glycosides, 55.9µmol glucosinolates, 3.12mg total alkaloids and 0.19µg total tannins per g dry matter (Table 2) . As for DPPH radical-scavenging procedure, the methanolic extract and petroleum ether extracted oil showed potential free-radical activity (DPPH) reached about 28.1% and 24.0% and total antioxidant capacity (FRAP) about 117.4 and 82.6 nmole ascorbic acid/g, respectively ( Table 2 ). The antioxidant activities of the tested extracts using DPPH radical-scavenging method showed that the methanolic extract exhibited the significant activity IC50 value with inhibition percentage of 67.2 ±0.31μg/ml whereas the petroleum ether extract was about 38.7±0.12μg/ml inhibition, indicating the potential antioxidant activity of both extracts (Figs. 1, 2). The GC-MS chromatogram analysis of the methanolic extract of P. undulate aerial portions ( Fig. 3 ) revealed presence of 43 major phytocomponents. On comparison of the mass spectra of the constituents with the NIST library, the five phytocompounds were characterized and identified (Table 3 ). The major identified bioactive constituents are cyclotrisiloxane, hexamethyl-, cyclotetrasiloxane, octamethyl-, cyclopentasiloxane, decamethyl-, dodecanoic acid, methyl ester, tetrafluorophthalonitrile, gammasitosterol, nonacosane, 4,4,6a,6b,8a,11,11,14boctamethyl 1,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12 ,12a,14,14a,14b-octadecahydro-2H-picen-3one, Thiazolo[4,5-f]quinoline and 7-methyl-. These compounds showing biological activities as indicated in Table 3 . On the other hand, the GC-MS analysis revealed presence of 50 major phytocomponents in the petroleum ether extract (oil) of P. undulate aerial portions ( Fig. 4 and Table  4 ). The major identified bioactive constituents are dodecanoic acid, methyl ester, hexadecanoic acid, methyl ester, n hexadecanoic acid, octadec-9-enoic acid, 9,12 octadecadienoic acid (Z,Z)-, methyl ester, 9,12-octadecadienoic acid (Z,Z) octadecenoic acid (Z) methyl ester, 9-octadecenamide, (Z), squalene, 11-octadecenoic acid, methyl ester, and hexacosane.
Evaluation of antifungal activity
The methanolic extract had a significantly higher inhibitory effect on the tested fungal pathogens than the essential oil (Table 5, Fig. 5 ). The tested strains of dermatophytes were more susceptible to this extract than the opportunistic pathogenic strains of Candida and Aspergillus. The inhibition zone diameter resulted due to the application of this extract (200mg/ml) against the tested dermatophytes was ranged from 29.3-31.7mm, while the inhibition zone diameter for the opportunistic pathogens exposed to this extract was in the range of 20.0-24.0mm (Table 5 ). The essential oil of P. undulata (200mg/ml) was shown to possess a little or no antifungal activity against the tested fungi with inhibition zone diameter ranged from 16.7-19.0mm, an exception was Trichophyton mentagrophytes AUMC 11661 which showed high sensitivity to this extract (inhibition zone diameter of 24.0mm, Table 5 ). No inhibitory effect of essential oil was observed against Microsporum canis AUMC 11663.
The MICs and MFCs of both the methanolic and essential oil of P. undulata are presented in Table 6 . The methanolic extract exhibited the higher inhibitory activity against the six tested fungi than the essential oil ( Table 6 ). The methanol extract consistently had fungicidal effect against four of the tested fungal isolates. The lowest MFC value was recorded against M. boulardii IFM 56403 followed by T. mentagrophytes AUMC 11661 and M. canis AUMC 11663, whereas C. albicans AUMC 9142 showed the highest MFC value (Table 6 ). Although growth of five of the six tested fungi was inhibited by the essential oil, no fungicidal effect was reported even at the highest concentration of 68mg/ml (Table 6 ). 4, 6a, 6b, 8a, 11, 11, 4, 4a, 5, 6, 6a, 6b, 7, 8, 8a, 9, 10, 11, 12, 12a, 14, 14a, (Bhakuni et al., 2001) 
Evaluation of cytotoxicity against VERO cell line
The evaluation of cytotoxicity is an important part of pharmacological validations, and hence the MTT colorimetric assay was conducted to investigate cytotoxicity of the methanolic extract of P. undulata against VERO cells. Figure 6 showed an inhibitory effect against the tested cell line as IC50≥ 5.87mg/ml suggesting concentrations below this value as safe ones for further steps as a pharmaceutical product.
Discussion
Evidence indicates that the local traditional medicines comprise a potential source of primary healthcare in developing countries (Cordell, 2011; Mahomoodally, 2013) . In this connection, several works report that many plants serve as a good source of antioxidants and other bioactive compounds containing phenolics, amino acids, ascorbic acids and alkaloids (Dejussi et al., 2013; Chhetri et al., 2015; Ajaib et al., 2015; Boumaraf et al., 2016) . These natural compounds serve as prototypes for the development of more active antimicrobial compounds with less toxicity and with prospects of a large variety of drugs for human consumption (Lewis & Ausubel, 2006; Saravanan et al., 2011) . Our results revealed that the aerial portions of P. undulate could be utilized as a promising traditional medicine and as a source of some nutraceuticals and antioxidants such as phenols, flavonoids, cardiac glycosides, glucosinolates, alkaloids, terpenes, steroids and coumarins, which is in agreement with the work of Algabr et al. (2010) and Al-Naqeb (2015) . As 6: Survival curve plotted between viable cells (%) and concentration of methanolic t (mg/mL) obtained from Pulicaria undulata.
Fig. 6. Survival curve plotted between viable cells (%)
and concentration of methanolic extract (mg/ ml) obtained from Pulicaria undulata. these phytochemicals are characterized by ROS scavenging abilities (Fecka et al., 2007) , they have been recommended as anti-inflammatory, antilukemic (Al-Yahya et al., 1984) and antibacterial activity (Ali et al., 2012; Fawzy et al., 2013; Al-Naqeb, 2015) . Furthermore, flavonoids have used as potential therapeutic agents against a wide variety of diseases comprising radical damage (Costa et al., 2015) and terpenes are the most potent drugs against serious diseases such as cancer (Ebada et al., 2010) , malaria and heart disease (Parshikov et al., 2012) , and bioinsecticides (Liebgott et al., 2000) .
As the methanolic P. undulata extract exhibited greater DPPH radical scavenging potential and total antioxidant capacity than those of the petroleum ether extract containing oil, it is recommended that the methanolic extracts of P. undulate is a potent source of natural antioxidants. Our recommendation is supported by the findings of Kubola & Siriamornpun (2008) and Farahat et al. (2013) that there is a positive relation between the phenolic content and antioxidant activities. Similarly, presence of ascorbic acid, GSH, saponins, cardiac glycosides and alkaloids in the methanolic extract of P. undulata could be also involved in the antioxidant biological activity and thereby medicinal uses as reported by Cook & Samman (1996) and Shi et al. (2007) . The phytochemical composition of P. undulate is also confirmed by the results of GC-MS analysis. A total of 43 compounds and 50 major phytocomponents was identified in the methanolic and petroleum ether extracts, respectively. These compounds are characterized by their antimicrobial, antibacterial, antifungal, antioxidant and anti-inflammatory properties which points to possible new antifungals from various natural sources including higher plants (Graybill, 1996; Maertens & Boogaerts, 2000) . Further, the evaluation of MIC and MFC indicated that methanolic and petroleum ether extract of P. undulata had an antifungal effect on the tested pathogens whereas petroleum ether extract containing essential oil was less efficient. Since no previous work recorded the antifungal activity of P. undulata against Aspergillus flavus, A. fumigatus, and dermatophytes, we believe that this is the first report on the antifungal effect of P. undulata on these medically important fungi. The antifungal activity of P. undulata demonstrated in this study is supported by several previous scientific reports (Hashem, 2011; Jamalian et al., 2011; Massiha & Muradov, 2015) who indicated that a wide variety of plants extracts had fungistatic and fungicidal activities toward different fungal isolates at various concentrations.
The great efficiency of methanol extract compared with other extracts might be due to the extracting capacity of this alcohol to provide a better extraction of phytochemical constituents (Ali-Shtayeh & Abu Ghdeib, 1999) . Therefore, the superior antifungal activity of P. undulata methanolic extract may be attributed to their major antimicrobial phytochemical constituents (Table  3 ) (Keskın et al., 2012; Jasim et al., 2015) . It has been also reported that the thiazole moiety is the fundamental part of the structure of therapeutic agents which is widely used as antimicrobial agent, antifungal agent, and nonsteroidal antiinflammatory drug (Karthikeyan, 2009; Bharti et al., 2010; Mishra et al., 2017) . In the current investigation, the methanolic extract clearly had measurable amounts of different pyrimidinedione (34.67%) and thiazole (10.55%) derivatives, which are known to have antifungal and antibacterial activities (Farghaly & Hassaneen, 2013; Liu et al., 2014) . Moreover, the great performance (as antifungal bioactivity) of the crude methanolic extract relative to the crude essential oil is most likely ascribed to the synergistic effects of its phytochemical constituents.
Owning to the findings that there are adverse toxicity experiences from several medicinal plants (Elgorashi et al., 2003; Unnikrishnan, 2010) , evaluation of cytotoxicity using a standard cell-based toxicity assay against Vero monkey kidney cells is important to compare hazards against efficacy and to ascertain the safety of the pharmacologically active extract of P. undulata for human use. The result of the MTT assay obtained herein (IC50= 5.87mg/ml) suggest that concentrations below this value could be safe ones. In addition, although the methanol extract of P. undulata effectively inhibited all the tested fungal strains, the most sensitive fungi were M. boulardii followed by C. albicans, T. mentagrophytes and M. canis. Consequently, the cytotoxicity evaluation of the tested crude extract showed safe levels at least in case of these four fungal strains. However, it was reported earlier that P. undulata essential oil displayed moderate cytotoxicity against MCF-7 breast cancer cells (Ali et al., 2011) . It is obvious that further mutagenic and toxicological assays with different modes of action are necessary to establish the complete safety of these plant extracts for pharmaceutical applications.
Conclusion
The results provide a convincing evidence of the antifungal activity of the methanolic extract of Pulicaria undulata against the tested fungal species. In addition, it showed fungicidal activities against four of the frequently occurred agents of superficial mycoses. Also, this extract exhibited a good antioxidant activity. Therefore, it is recommended as an alternative medicine and/ or a combination therapy for treating these fungal infections. However, further research is needed to isolate the active constituent(s) and to elucidate the exact mode of action of the antifungal and antioxidant activities. Clinical trials are also essential to assess the practical relevance of these in vitro results. 
